Abstract. This work presents the results of VLBI observations of 6.7 GHz methanol and 22.2 GHz water masers towards the mm core A in the massive star-forming region G24.78+0.08. Comparing the maser with previous millimeter interferometric and recent continuum VLA observations, the physical properties and the gas kinematics of the G24 A core on linear scales from ∼100 AU to ∼0.1 pc are determined.
Introduction
The star forming region G24.78+0.08 is located at a distance of 7.7 kpc and has a large bolometric luminosity ( 7×10 4 L ). Furuya et al. (2002) first detected three molecular cores (in continuum emission at 2 mm) and two HII regions (one of these embedded in one of the cores) spread over ∼ 0.4 pc. The region contains at least four distinct centers of star formation, named A, B, C, and D, which Furuya et al. (2002) speculate to be in different evolutionary states. Both the molecular core A and the source B have associated HII regions (Codella et al. 1997) and, hence, are already ZAMS stars, whereas the other two appear to be less evolved. Cores A and C power bipolar molecular outflows (Furuya et al. 2002) .
1.4 mm Plateau de Bure Interferometer (PdBI) one-arcsecond angular resolution observations by Beltrán et al. (2004) have resolved the structure of the G24 A core into two distinct subcores: G24 A1, towards the southeast (SE), and G24 A2, towards the northwest (NW). G24 A1 is associated with the most compact HII region, while G24 A2 shows strong pointlike emission from 3.6 to 8 µm (GLIMPSE) but weak radio 22 GHz continuum emission. Both G24 A1 and A2 are hot molecular cores (HMCs) (Beltrán et al. 2004) , with a V LSR gradient along a northeast-southwest (NE-SW) direction, approximately perpendicular to the axis of the 12 CO molecular outflow. This fact suggests that the two cores might be rotating around the outflow axis (Beltrán et al. 2004) . Towards G24 A1 and A2 several species of molecular masers have been detected: 6.7 GHz CH 3 OH, observed with the Australian Compact Array (ATCA) by Walsh et al. (1998) , and 22.2 GHz H 2 O and 1.6 GHz OH masers observed with the VLA by Forster & Caswell (1989) . (Beltrán et al. 2004) ; overlaid on the CH3 CN velocity map, is shown the contour map of the 1.4 mm continuum emission (solid lines) and the positions of the CH3 OH 6.7 GHz masers (filled spheres); the straight black line represents the axis of the molecular outflow observed with PdBI in 12 CO(1-0) by Furuya et al. (2002) . b) and c) Positions and line-of-sight velocities of the 6.7 GHz maser features observed towards the subcore A2 and A1, respectively, with the colors (see online version) denoting different line-of-sight velocities, according to the scale on the right-hand side of the panels. Figure 1 shows a map of the CH 3 CN (12-11) line line-of-sight velocity overlaid on the contour map of the 1.4 mm continuum emission towards G24 A1 and G24 A2 (Beltrán et al. 2004) . The absolute positions (accurate to within 50 mas) of the 6.7 GHz methanol masers observed with the EVN are plotted as filled black circles (Fig. 1, panel a) . The 6.7 GHz maser emission occurs from two distinct groups of features, each associated with one of the mm subcores (A1 or A2). Both groups of maser features are elongated along a direction that agrees well with the axis of the velocity gradient measured in the CH 3 CN 1.4 mm line.
Observational results

Class II CH 3 OH masers
Panels c and b of Fig. 1 show the line-of-sight velocities of the 6.7 GHz maser features, associated respectively with the A1 and A2 subcores. Across each maser group, the variation of velocities agrees with the velocity gradient observed using the CH 3 CN (12-11) line in the harbouring subcore, with redshifted velocities to the NE and blueshifted velocities to the SW. The methanol maser features are distributed over regions ∼three times smaller (0.023 and 0.02 pc) and cover an observed velocity range ∼three times larger (9.1 and 5.7 km s −1 ) than the emission of the CH 3 CN thermal line in both subcores.
H 2 O masers
By observing G24.78+0.08 at 22.2 GHz with the VLBA in phase-reference mode at four different epochs, absolute positions and proper motions of the water maser features have been derived. Figure 2 shows the water maser distribution in the subcore A1, which contains the strongest water maser features of the entire G24.78+0.08 region, with 
Rotation and expansion in the mm core G24 A
We now compare the VLBI CH 3 OH and H 2 O maser observations towards the core G24 A with previous millimeter PdBI and recent VLA observations, and discuss a model for explaining the gas kinematics from small (100 AU) to large (0.1 pc) scale. Figure 1 shows that, in both cores G24 A1 and A2, the velocity distribution of the methanol 6.7 GHz maser spots agrees well with the velocity gradient measured in the thermal CH 3 CN (12-11) line. If, as suggested by Beltrán et al. (2004) , the CH 3 CN velocity gradient is due to rotation, the three times larger spread of velocities of the methanol masers across a three times smaller region, might be explained in terms of conservation of angular momentum from large to small scales inside the cores. Assuming that inside the region (of diameter ≈ 0.02 pc) traced by the 6.7 GHz maser emission in both cores, the gas is in rotational equilibrium, a dynamical mass of 55 and 19 M 138 L. Moscadelli et al.
Evidence for rotation
for G24 A1 and G24 A2, is derived respectively. From the free-free continuum emission of the ultra-compact HII (UCHII) region in G24 A1, Codella et al. (1997) estimate a spectral type of O9.5 for the exciting star, corresponding to a stellar mass of ≈ 20 M . This must be added to the mass of the gas within 0.02 pc from the YSO, which is ≈ 30 M for a mean density of 10 8 cm −3 . The total mass (star plus gas) is consistent with the mass of 55 M computed from the methanol maser velocity range in G24 A1.
Evidence for expansion
The water maser proper motions measured in the A1N cluster are oriented approximately perpendicular to the geometrical distribution of the maser features, which are mainly concentrated in two structures, a line oriented along the EW direction and an arc (see Fig. 2 ). The separation from the LSR systemic velocity of the line-of-sight velocities of most maser features of the A1N cluster is quite small ( 5 km s −1 ) compared with the sky-projected velocity components (20-60 km s −1 ), implying that the velocity vectors of the maser features are close to the plane of the sky. The observed velocity distribution suggests that the A1N water masers are tracing gas expanding towards N-NE.
The ellipse drawn in Fig. 2 denotes the position and the deconvolved FWHM size of the continuum source in the G24 A1 core as recently determined using the VLA in K and Q-band by Beltran et al. (in preparation) . The position of the continuum peak at 22.2 GHz is determined with an accuracy of ≈ 20 mas. With an angular resolution of ≈ 0. 05, the continuum source is partially resolved with a deconvolved radius (defined as the geometric mean of the HWHM major and minor axes) of 0. 07 (540 AU at a distance of 7.7 kpc). These recent VLA observations confirm that the most likely interpretation for the continuum source is in terms of an UCHII (R HII 0.01 pc), that is optically thick at frequencies below 22.2 GHz, becoming optically thin between 22.2 GHz and 44 GHz. The observed continuum flux is consistent with previous observations, indicating a ZAMS spectral type of O9.5 for the central ionizing star. Figure 2 shows that the UCHII region falls close to the A1N maser cluster. Considering that the estimated size of the HII region is likely an upper limit, most of the water maser features appear to be distributed along the border of the ionized gas. Furthermore, the elongation of the continuum source (P.A. = 66 o ) agrees well with the average orientation of the water maser proper motions. Thus, the position and the geometry of the continuum source suggests that the water maser motions are driven by the expansion of the ionized gas. Freely expanding ionized gas should move at a maximum velocity comparable to the sound speed in the ionized gas, ≈10 km s −1 assuming a kinetic temperature of 10 4 K. The observed velocities of the water masers are significantly higher than 10 km s −1 , indicating that the ionized gas is not freely expanding, but that the expansion must be driven by some additional mechanism than thermal pressure.
Stellar winds are commonly observed towards early-type OB main-sequence stars and observational evidence is being accumulated that such winds play an important role during the early expansion phase of an UCHII region (Hoare et al. 2007) . A detailed study by Lamers & Leitherer (1993) indicates wind velocities V w = 1500 -2500 km s −1 and mass loss ratesṀ w = 1-5 × 10 −6 M yr −1 , as appropriate for an O9.5 star. Such a powerful stellar wind might be already emitted during the early ZAMS evolution of a massive star. We have considered the case that the expansion of the water maser shell in G24 A1 is driven by a strong wind. Our VLBA water maser and VLA continuum radio observations allow us to set a value for the shell radius and velocity with R 0 ≈ 500 AU, and V 0 ≈ 40 km s −1 respectively. To model the dynamics of the wind-driven shell, we have used equations given in Castor et al. (1975) and Shull (1980) . A detailed report of our calculations is given in Moscadelli et al. 2007 (in preparation) . We find that, over the explored parameter space for the stellar wind properties, and fixing the wind mechanical luminosity, gives a unique value of ambient density for which the wind-driven shell can attain the observed values of radius and velocity. For the likely values of wind luminosities for a O9.5 star, the wind-driven shell models require the hydrogen particle ambient density to lie in the range 6 × 10 6 cm −3 n H 2.5 × 10 7 cm −3 . The shell age, t 0 , is predicted to be in the narrow interval t 0 = 30-35 yr.
Rotation or expansion in the G24 A1 core?
On the basis of the discussed observational evidences, we propose two alternative interpretations to explain the gas kinematics in the G24 A1 core on scales from 100 AU to 0.1 pc.
The expansion detected in the 22.2 GHz water masers on scales of ≈ 100 AU (see Fig. 2 ) might be the dominant motion across the whole molecular core. Thus, the regular variation of line-of-sight velocity observed in the thermal CH 3 CN (12-11) line as well as in the CH 3 OH 6.7 GHz maser emission (see Fig. 1 )on linear scales of 0.05 pc, might be due to expansion rather than to rotation, as proposed by Beltrán et al. (2004) . In particular, the regular velocity gradient can be accounted for only by a collimated flow. In this interpretation, the 22.2 GHz water masers would mark the inner portion of a molecular outflow, closer to the YSO and not yet collimated, while the CH 3 OH 6.7 GHz maser and the CH 3 CN thermal emissions would trace the same outflow at larger scale, where collimation is already effective.
Interpreting the motion of the gas in the G24 A1 core in terms of a collimated outflow oriented along the NE-SW direction, apparently contrasts with the PdBI 12 CO(1-0) observations by (Furuya et al. 2002) , indicating the presence of a bipolar outflow on scale 0.1 pc oriented SE-NW. We propose an alternative scenario, where expansion and rotation can coexist. Figure 2 shows that the detected CH 3 OH 6.7 GHz maser spots are on average more distant from the center of the continuum source than the water maser spots and located beyond the border of the UCHII region. We speculate that methanol masers are tracing the pre-shock ambient gas radiatively heated by the YSO radiation. The value of pre-shock ambient gas density indicated by the wind-driven shell model fits well with the observations of both H 2 O and CH 3 OH masers around the G24 A1 continuum source, since a pre-shock gas density n H ∼ 10 7 cm −3 is predicted in the excitation models of both water and methanol masers. The kinematics of methanol masers is expected to differ from that of water masers as the former are located near the G24 A1 core and are unaffected by expansion in the HII region. The water masers should mark the border of the dynamical interaction between the YSO and the surrounding ambient medium: gas moving beyond the water maser shell is not yet perturbed by the YSO evolution (and might be still rotating and slightly contracting), whereas gas inside the maser shell is rapidly expanding due to the YSO wind pressure.
